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Abstract 
We describe the development of a micro total analysis system for the detection of ochratoxin A (OTA) in wine and 
beer. The OTA detection strategy is based on an indirect competitive ELISA detection by chemiluminescence with 
the integration of microfluidics with microfabricated amorphous silicon photodiodes fabricated on glass substrates 
[1]. The full lab-on-chip (LoC) assay is implemented on a prototype device for fully-automatic measurement and 
monitoring of photodiode signals and control of fluid handling. The device is composed of three peripheral control 
and measurement modules: a peristaltic pump, a fluid dispenser for fluid handling, and a multi-sensor data acquisition 
with custom transimpedance amplifier. A microcontroller interfaces the individual modules with a computer via USB 
communication. The analysis is run automatically and the results displayed through a PC controlled user interface. 
OTA was detected in wine and beer extracts down to 0.5 ng/mL.  
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1. Introduction and overall description of the LoC system 
Ochratoxin A (OTA), a toxin produced by certain fungi found in grains and grapes, has been found to 
have severe toxicological effects on humans and livestock that consume the products of these materials. 
Concentration limits for OTA have been defined by the European Commission (e.g. 2 ng/mL for wine 
and beer) [2]. There is industrial interest in a point-of-use system capable of screening for the presence of 
OTA (and other toxins), allowing the monitoring of the production process, and for control of raw 
material quality.  
In this work, we developed a polydimethylsiloxane (PDMS)-based microfluidic ELISA in which the 
chemiluminescence produced is inversely proportional to the concentration of OTA in the sample. The U-
shaped microchannel allowed for parallel sample and control microchannels (fig. 1-A). Detection and 
quantification of the chemiluminescence signals are made using integrated microfabricated amorphous 
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silicon (a-Si:H) photodiodes [3] (fig. 1-C) auto-aligned with each microchannel. Fig. 1-B demonstrates 
the integration of the PDMS microfluidic device with the a-Si:H photodiodes by using alignment plates.  
To develop a compact, autonomous system that can be operated in the field without bulky external 
pumping or electronic equipment, a simplified LoC control system was developed centralizing the fluid 
and sensor signal handling for easy in-field use by non-specialized personnel (Fig. 2). The whole 
immunoassay and detection process is performed fully automatically inside the closed portable prototype 
box (Fig. 2). The setup features two transimpedance amplifiers with 100 fA sensitivity connected to a-
Si:H photodiodes, a peristaltic pump which applies suction at the microchannel outlet (Fig. 1-A,C) and a 
fluid handling system, with an integrated valving system, connected to the microchannel inlets (Fig. 3). A 
microcontroller interfaces the electronics with a computer via USB communication. 
 
Fig. 1: LoC PDMS microchannel integrated with a-Si:H photodiodes. A) Microchannel design features. B) Integration of the 
microchannel with the wirebonded photodiode chip using alignment plates. C) Optical micrograph of the photodiodes aligned with 
the two microchannels – one for detection of OTA (a) and the other for performing of assay control (b). 
 
Fig. 2: (Left) Overall view of the components making up the final prototype box. (Right) Block diagram of the electronics circuit. 
Control is centralized by a microcontroller. The data acquisition consists of two photodiodes connected to high amplification low 
noise transimpedance amplifier circuits; the bubble detector is an IR emitter receptor, the light calibration is performed with a LED 
shining at different light intensities, the peristaltic pump is driven by a high torque DC motor, the pinch valves are solenoid operated 
and computer data processing is performed via USB communication. 
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2. Description of the miniaturized assay 
A microfluidic device is integrated with microfabricated photodiodes as represented in Fig. 1. The 
integrated indirect competitive ELISA assay requires sequential fluid flow in the microfluidic device. The 
icELISA protocol is summarized in Table 1. First, OTA-BSA is adsorbed on the microchannel by flowing 
PBS containing 1 mg/mL of OTA-BSA. OTA-BSA serves two purposes: it provides the control OTA 
molecules that will compete with the OTA present in the sample for anti-OTA binding sites; and it serves 
as a blocking layer for non-specific adsorption. Excess OTA-BSA solution is flushed out with phosphate 
buffered saline (PBS). The solution containing the sample is incubated with anti-OTA antibody and then 
injected into the microchannel to undergo the indirect competitive ELISA. After another washing step, a 
secondary antibody specific to the anti-OTA antibody and labeled with the enzyme horseradish 
peroxidase – HRP is injected into the microchannel. After a final wash, the chemiluminescent substrate 
luminol is injected and the resulting light emission transduced by the photodiode.  
 
Table 1: Sequential steps of the microfluidic icELISA protocol 
 3. Automated fluid delivery 
A prototype fluid delivery system was developed to provide automated control of fluid delivery (fig. 3). 
The prototype included solution holders elevated with respect to and hydraulically connected via tubes to 
drip chambers. Dual pinch valves control the supply of fluids to the drip chamber. The drip chambers 
serve to avoid air bubbles. Finally, the drip chambers are connected to the microfluidic device with tubes. 
A peristaltic pump, controlled by the microcontroller, is placed at microchannel outlet to provide suction 
for fluid flow. The assay runs automatically through the microcontroller interfaced with a computer. 
 
 
Fig. 3: Schematic view of the fluid dispenser system (Lines = tubes). The solutions are place in the upstream positions. Plastic tubes 
connect the solution holders to the drip chambers.  
icELISA step Concentration Time Velocity (mm/s) Volume (PL) 
Incubation 25 nM rabbit anti-OTA-IgG ~3h (Incubation) - 100-200 
OTA-BSA 1 mg/mL 10 min 1.39 5 
Wash PBS  3 min 13.9 15 
Sample - 15 min 1.39 7.5 
Wash PBS  3 min 13.9 15 
Anti-rabbit IgG HRP 333 nM 10 min 1.39 5 
Wash PBS  3 min 13.9 15 
Luminol Luminol kit (Pierce) 1-2 min 13.9 5-10 
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3. Detection of OTA in a red wine extract 
OTA detection was performed on extracts of red wine intentionally contaminated with 100 ng/mL of 
OTA (Fig. 4-left). The photodiode current intensity (measured in real time) showed a ratio of 0.5 between 
the photodiodes aligned with the OTA detection channel and with the control channel. The automatic 
measurement of OTA on extracts was challenging for lower OTA concentrations. Fig. 4 (right) shows the 
results obtained for beer and red wine extracts contaminated with different OTA concentrations. The 
signal ratio decreases as a function of the OTA concentration. OTA concentrations down to 0.5 ng/mL 
were detected in both extracts. Removal of the anthocyanins, antioxidant molecules found in large 
quantity in red wines, is required as their presence interferes severely with the assay. This extraction 
process was done off-chip. 
 
Fig. 4: (Left) Chemiluminescent detection of OTA in red wine extract. The signal ratio is 0.5 between the photodiode aligned with 
the OTA detection channel and the photodiode aligned with the control channel. (Right) Detection of OTA in red wine and beer 
extracts. A) Signal ratio as a function of the concentration of OTA in the extract. B) (Top) Reference and OTA channel photodiodes 
signals as a function of time. (Bottom) Calculated signal ratio from (Top). 
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